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PRODUCTION OF LIVE LAMBS FOLLOWING NUCLEAR TRANSFER OF CULTURED 

EMBRYONIC DISC CELLS 
Keith Campbell, Jim McWhir, Bill Ritchie & Ian Wilmut 
Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS. UK. 



The production of cloned offspring in mammalian species by the transfer of nuclei from 
embryonic stem (ES) cells would provide a useful method for the production of large numbers of 
identical offspring. Nuclear transfer from established murine ES cells has produced blastocysts, 
however, as yet there are no reports of development to term. Historically, murine ES cell lines 
have been established from the inner cell mass of blastocyst stage embryos by culture on feeder 
layers of embryonic fibroblast or buffalo rat liver cells. At the present time, the isolation of ES 
like cells has been reported in the pig, cow and sheep, however, neither production of chimeric 
animals or development to term following nuclear transfer has been shown.The present study 
was undertaken to assess the totipotency of embryonic disc (ED) cells from Day 9 ovine 
embryos by nuclear transfer and to establish whether totipotency is maintained when ED cells 
are cultured in conditions which promote the isolation of ES cell lines in the mouse. 

The recovery of oocytes and embryos, procedures for nuclear transfer using the 
"Universal Recipient", culture of reconstructed embryos and transfer to final recipients were as 
previously described (Campbell etal., 1994, Biology of Reproduction, 50:1385-1393). Donor 
embryos were obtained from Welsh Mountain and Scottish Blackface ewes were used for all 
oocytes and as temporary and final recipients. For direct nuclear transfer ED cells were isolated 
by immunosurgery. For culture, Day 9 blastocysts were plated on feeder layers of mitomycin C 
inactivated primary murine fibroblasts in Dulbeccos Modified Eagles medium containing 10% 
foetal calf serum. The trophectoderm was manually removed from the embryos which had 
attached to the monolayers. ED cells were passaged by trypsinisation and maintained on 
Mitomycin C inactivated primary murine fibroblasts. 

The developmental rates to morula and blastocyst were determined and all morula and 
blastocyst stage embryos were transferred to synchronised recipients. 
Table 1. Development of ovine embryos reconstructed from different cell types 

Number 

Group Number embryos Number of transferred/ 



recovered (%) - morulae/ Number 
blastocysts (%) lambs 
ICTATF 3418191 ' 2(3.9) W~ 

16 cell W 22(71.0) 6(27.3) 6/2 
ED cell 15(75.0) 1(6.7) 1/0 
ED PI 19(59.4) 4(21.0) 4/1 
EDP2 11(47.8) 1(9.1) 1/1 
EDP3 36(73.5) 2 (5 .5) 2/2 



ED-Embryonic disk; P-passage number, UR-Universal Recipient. 

The results were analysed by a general linear model according to McCullagh and Nelder 
(Chapman & Hall, 1989) and no significant difference was observed between any group. 
These studies show that ED cells from Day 9 ovine embryos are totipotent by nuclear transfer 
and that totipotency is maintained in culture for 3 passages. 

This work was supported by a grant from the "Ministry of Agriculture Food and Fisheries" and 
by grant rfi B O2CT-920358 from the Biotechnology program of the EEC. 



